Significant similarities exist between the neural and behavioural features of environmentally and drug-induced stereotypy. For example, exposure to dopamine agonists, such as amphetamine, induces stereotypy and causes alterations in midbrain neurophysiology similar to those observed following chronic stress. An additional behavioural feature of these neural changes in the drug-induced phenotype is an enhanced rate of switching from response-outcome (R-O) to stimulus-response (S-R) learning. The aim of the current experiment was to examine R-O and S-R learning in horses displaying environmentally induced oral stereotypies. This was achieved by employing variations of the place/response paradigm. In Experiment 1, we found that crib-biting horses displayed 'response' learning after 20 learning trials, whereas non-crib-biting controls tended to display 'place' learning throughout the experiment. In Experiment 2, we used a modified version of the procedure, in which the subjects were introduced to the maze from different start points and forced always to turn the same way. We found that the crib-biters acquired the task at a faster rate suggesting again that this group was displaying 'response' learning. Finally, in Experiment 3, we carried out an arena test to ensure that crib-biters were capable of 'place' learning. These results are the first to show that horses displaying an oral stereotypy, a behavioural phenotype previously associated with stress-induced perturbations of the basal ganglia, preferentially use 'response' learning. The findings are discussed in relation to the search for an aetiological model of stereotypy.
Introduction
Stereotypic behaviours are characterised as repetitive, rigid, idiosyncratic and topographically invariant response patterns that can either be environmentally [16] or pharmacologically [7] induced. Environmentally induced stereotypies are typically seen in laboratory, domestic or non-feral species maintained in suboptimal environmental conditions, and they are often cited as an indicator of inadequate welfare provision [16] . In horses, a variety of stereotypies have been identified (see [12] for a comprehensive review), the most common of which is crib-biting [18] . Crib-biting can be described as the horse grasping a solid object between the upper and lower incisors, inhaling air into the oesophagus and emitting an audible 'grunt' [19] .
Chronic stress during early development of an inbred strain of mice (DBA) results in a variety of behavioural and neurobiological changes, including sensitisation to the locomotor effects of dopamine agonists, increased behavioural stereotypy and upregulation of dopamine transmission in the mesoaccumbens pathway (ventral tegmental area to nucleus accumbens) [1] . These behavioural and physiological changes were not observed in another strain of inbred mice (C57) suggesting that stress-induced behavioural sensitisation and stereotypy development is a result of a genotype × stress interaction [1] . Similar changes in dopamine physiology were observed in crib-biting compared to control horses [17] with the former having increased dopamine D1 and D2 receptors in the ventral striatum as well as decreased density of D1 receptor subtypes in the caudate. This suggests that alteration of basal ganglia physiology is common to environmentally induced stereotypy development in a range of species.
Given the primary functionality of the basal ganglia (i.e., learning, motivation, reward and action selection [8, [28] [29] [30] [31] [32] ), it would be expected that animals displaying environmentally induced stereotypies would also exhibit other behavioural or learning differences. Within standard extinction paradigms and sequential responding in a gambling task, stereotypy in songbirds was positively correlated with latency to extinguish conditioned responses in the extinction procedures and increased 'predictable' responding during the gambling task [9] . The extinction findings have recently been extended to include non-laboratory species (e.g. horses [11] and bears [27] ). Further learning differences were exhibited by crib-biting horses in an instrumental choice procedure, with this (Experiments 1 and 2) . In Experiment 1, during training trials, the horse was led into the maze in the south arm, and the food bucket was located in the east arm, with the west arm containing an identical empty bucket. During the probe trial, the horse was led in through the north arm, with both the east and west arms containing empty buckets. The dividing line in the centre was put in place to avoid the subjects following scent/tracks from the training trials. In Experiment 2, the general construction was the same, but the horses entered the maze via the N and S during training trials, with the food located always to the Left (or Right).
group failing to recognise differences in short versus long delays to reinforcement [23] .
While these behavioural differences are interesting, supporting physiological data relating to stereotypy as well as adding to our understanding of the physiological workings of learning, they do not increase our understanding of the aetiology or pathogenesis of environmentally induced stereotypy. An insight into these mechanisms may come from additional studies which have demonstrated that dopaminergic agonists not only induce stereotypy [3] but can also cause an accelerated change from response-outcome (R-O) to stimulus-response (S-R) learning [2, 20, 24] . Work assessing the non-stereotypy behavioural consequences (e.g. effects on learning) of chronic administration of psychostimulants, may in fact be a very insightful method of determining the underlying neurological mechanism of environmentally induced stereotypy [16] .
The aim of this study was to examine R-O and S-R learning in horses performing an oral stereotypy (crib-biting), compared to control animals, employing variations of the place/response procedure [21, 22] . In the light of the effects of psychostimulant drugs on learning [20] and the neural phenotype found in crib-biting horses [17] , we predicted that the crib-biters would display S-R learning in the cross-maze, whereas the non-crib-biting controls would display R-O. We also employed an arena test as a control condition to ensure that crib-biting horses were able to use place learning.
Methods
Subjects were initially trained in a two-alternative forced choice 'Tolman' crossmaze [26] to locate a food reward in one of two arms. In the second experiment, subjects were trained in a variation of the procedure. This time they were trained, in a discrete-trial format, that food was always located (for example) on the left. This was achieved by changing the point of entry into the maze from trial to trial, in an attempt to nullify the efficacy of using place cues. Finally, an arena field maze test was run with a variety of local and global allocentric cues as a control, in order to ensure that crib-biting horses were able to perform place learning.
Subjects
Ten horses (n = 3 crib-biting, n = 3 non-crib-biting geldings, and n = 2 crib-biting, n = 2 non-crib-biting mares) were used for the Experiment 1. Eight horses (n = 4 crib biting mares, n = 4 non-crib-biting mares) were recruited for Experiment 2. Nine horses (n = 3 crib-biting mares, n = 2 crib-biting geldings, and n = 2 crib-biting, n = 2 non-crib-biting mares) from two different institutions were recruited for Experiment 3. The ages of all of the horses ranged from 4-25 years. The subjects were selected following an advertisement on an internet-based forum. For each cribbiter a control subjects, that did not display crib-biting, was recruited from the same establishment where possible. Subjects were matched as far as possible for breed and management routine. The latter was achieved by assuring that each control resided with a crib-biter and, in addition, was managed in the same way (i.e., turn-out routine, forage availability, work routine etc.). All animals were fed on a mixture of commercial low-energy feed and ad libitum hay or haylage. All animals were turned out to pasture daily. All aspects of handling of the animals during the three procedures were carried out by the horses' owners (or regular keepers), who were, in each case, blind to the aims and objectives of the experiment.
Apparatus and materials

Experiments 1 and 2
The cross-maze (15 m 2 ) was constructed using plastic stakes (h = 60 cm) and nylon tape (see Fig. 1 ). Each arm of the maze measured 5 m. Four (Experiment 1) and two (Experiment 2) identical black plastic buckets were located in each arm of the maze (two in the east arm, two in the west arm for Experiment 1; one in each arm for Experiment 2). The baited bucket contained approximately 5 g of hifibre commercial concentrate. The mazes were erected within the subjects' own establishments, in a dressage arena or similar. In all cases the mazes were surrounded with a variety of distal cues (e.g., trees, buildings, etc.). A stopwatch was used to measure approach latency to the buckets.
Apparatus and materials: Experiment 3
The trials were carried out in rectangular arenas measuring 20 m × 60 m. One arena was located in a disused barn, and the floor was concrete covered with a layer of sand. The second arena was the same dimensions, but located outdoors. Surrounding both arenas were located a large number of distal cues including trees, out-buildings and hedgerows for the outdoor arena and hay-bales, doorways and pillars in the indoor arena. Each of the arenas was divided arbitrarily into quadrants along the horizontal (20 m width-wise) and vertical (60 m length-wise) (see Fig. 2 ). Two plastic buckets, one yellow and one black, were used in the study and were located either in the NW or SE of the arena. Horses are dichromatic and are able to distinguish between yellow and black objects [15] . The locations of the reinforced (CS+) and non-reinforced (CS−) buckets were counterbalanced between the yellow and black buckets, and across locations, across subject-pairs. 
Procedures
Experiment 1: place/response
In order to confirm the crib-biting status of the horses, all subjects were given limited access to concentrate food and observed for 5 min. Horses were initially habituated to the maze for approximately 2 min. No food was available during the habituation period. The entry point (i.e., north or south arm) and the baited arm (i.e., east or west) were counterbalanced across participants. Following habituation, subjects were led to an external start point. This position was counterbalanced across subjects (i.e., either adjacent to the east or west arm of the maze). Before being led into the maze in each trial, horses were led around the perimeter of the maze in either a clockwise or anticlockwise direction in a pseudorandom order for each trial in order to avoid generalisation decrement in probe trials. When the horse arrived at the start point (i.e., the entrance to the north or south arm, dependent on counterbalance condition) it was released and allowed freely to traverse the maze. Once the food was located and consumed, the owner entered the maze and led the horse back to the start point. During the initial four training trials, if the horse did not locate the food within a period of 60-s, the owner entered the maze and guided the horse to the baited bucket. Training trials were carried out in blocks of four, with a 2-min break between each block. During the break, the horse stood with the owner by the start point. In total, each horse completed 20 trials in the first session. For each subject, the 20th trial was a probe trial, during which the horse was led to the opposite entry point to the training trials and released in the same manner by the owner. During the probe trial, neither bucket contained food. The food-location latency and proportion of correct trials in each block were collected for each subject. For data analysis, chi-squared tests were carried out with crib-biting status as the independent factor and place or response choice during the probe trial as the dependent variable. In addition, acquisition rate was assessed with location latency (s) in each block as the dependent measure, block as the within-subjects factor and crib-biting status as the between-subjects factor.
Experiment 2: forced response
All subjects were screened to assess their crib-biting status (as described in Section 2.3.1). Initially, subjects were led into the maze, directed into the reinforced arm and allowed to consume the food. Following this, the training trials commenced. Unlike Experiment 1, the horses were not allowed to traverse the maze freely to locate the food. There, incorrect choices could have been inadvertently maintained as all trials were reinforced. Owing to the relative simplicity of Experiment 1, this did not prove to be problematic, with all of the subjects quickly learning the location of the food. However, because of the complexity of the current procedure, we implemented a discrete-trial format whereby, following an incorrect response (i.e., the horse choosing the unreinforced arm at the choice point), reinforcement was withheld (the horse was immediately removed from the maze). The order of entry (i.e., north or south) was arranged in random order (e.g., NNSSSNSSNNSSNS etc). The random order was generated through a simple algorithm written in Microsoft Excel. During trials, the arm directly opposite the entry-arm was blocked (i.e., if the horse entered via the south arm, the north arm was blocked). Food was always located either to the left or to the right, and this was counterbalanced across subjects. For example, when a 'turn-left' horse entered via the south arm, food would be located in the west arm, whereas when that horse entered via the north arm, food would be located in the east arm. Horses were trained for 40 trials, split into eight blocks of five. Between each block, horses had a break of 1 min. Training took approximately 45-min per animal. Owing to the format of the procedure (i.e., discrete-trial), location latency was inappropriate as an operationalisation of learning in this context (as all incorrect trials were non-reinforced). Therefore, the dependent measure was the proportion of errors within each trial block.
Experiment 3: place-learning control
Initially, all horses were assessed for crib-biting status (as described in Section 2.3.1). Before commencing training, each subject was led around the perimeter of the arena (see Fig. 2 ) to habituate them to the set-up. In all subjects, for the first trial, the horse was led to CS+ with a lead-rope and it was ensured that the horse consumed the food. Each horse then took part in nine further training trials. Before each trial, the leader took the horse to one of the four start-points (i.e., north, south, east or west; see Fig. 2 ). During each training trial the subject was released from its lead-rope, facing the wall, and allowed to explore the arena freely. Following location of CS+, the subject was allowed to consume the food, the lead rope was re-attached, and the horse was led out of the arena. The horse remained outside the arena with the leader for 30-s and was then led back into the arena and to the next start point. The order of start points was randomised across trials.
Following training, the subjects took part in three test-trials in extinction. The order of these trials was counterbalanced across subjects, and each was interspersed with a re-training trial. Subjects were released from either the east or west startpoints for all test-trials (see Fig. 2 ). The proportion of time subjects spent in the correct quadrant of the arena (i.e., the previous location of the baited bucket) was examined for a period of 45-s. For test-trial 1, the horse was introduced to the arena with no buckets (CS0) present. For test-trial 2, the buckets were switched (CS-CS+; i.e., in Fig. 2 , CS+ would be placed in the SE corner, and CS− in the NW). For test-trial 3, the arena contained 2 × CS+. We found large deviations in food-approach latencies between subjects, perhaps as an effect of subjects' differing levels of fitness or motivation. Therefore, for analysis, we operationalised learning as the proportion of deviation (error) from the optimal route (calculated as optimal route length/actual route length). Group (cribbiters and non-crib-biters) was the independent factor. During the three probe trials, place learning was operationalised as time spent in the previously reinforced quadrant of the arena (i.e., previous location of CS+) again with group as the independent factor. Fig. 3 displays the acquisition rates for the two groups. Acquisition data were log (base 10) transformed prior to analysis to normalise the distribution. A mixed design 2 × 5 Analysis of Variance (ANOVA), with crib-biting status as the between-subjects factor and block as the within-subjects factor, revealed a significant main effect for block, F (4, 32) = 5.81, P < 0.05, but not for group, nor group × block interaction (Fs < 1). This suggests that both groups learned to locate the food at similar rates, with the location latency typically reducing to stabilise after the first block of learning trials.
Results
Experiment 1: place-response
The results from the probe trial are illustrated in Fig. 4 . A chisquared test showed that there was a significant difference between the groups, with more of the crib-biters displaying response learning (n = 3) than non-crib-biters (n = 1), 2 (1) = 4.29, P < 0.05.
Experiment 2: forced response
Acquisition graphs from Experiment 2 are displayed in Fig. 5 . All proportion data were arcsine-root transformed prior to analysis to normalise the distribution. The data were analysed using a mixed-design, 2 × 8 ANOVA, with crib-biting status as the betweensubjects factor and trial block as the within-subjects factor. We found a significant main effect for trial block, F (7, 42) = 5.79, P < 0.01 and for status, F (1, 6) = 10.12, P < 0.05, and a significant trial block × status interaction, F (7, 42) = 2.26, P < 0.02. Simple main effects analyses [13] revealed that the crib-biters made significantly fewer errors than the non-crib-biters in the third, seventh and eighth trial blocks (Ps < 0.05).
Experiment 3: place learning control
Prior to analysis, error-proportion data were arcsine-route transformed to normalise the distribution. Training data are displayed in Fig. 6 . The proportion of error from the optimal route for both groups across the nine training trials was examined using a mixed design 2 (group) × 9 (trial) ANOVA. There was a significant main effect for trial, F (8, 56) = 5.14, P < 0.05, and a significant trial × group interaction, F (8, 56) = 2.70, P < 0.05. There was no main effect found for group F (1, 7) = 4.33, P > 0.05. Post hoc analyses, corrected for multiple tests, revealed that subjects made a lower proportion of error in trial 1 as compared to trials 2-9 (all Ps < 0.05).
During the three probe trials, use of global place cues was operationalised as time spent in the previously reinforced quadrant of the arena (i.e., previous location of CS+). Fig. 7 illustrates the proportion of time spent in each quadrant during the probe trials for each group. A mixed design 2 × 3 ANOVA, with crib-biting status as the between-subjects factor, probe trials as the within-subjects factor and proportion of time spent in the correct quadrant as the dependent measure, revealed no significant main effects for probe trial or for group, nor was there an interaction (all Fs < 1). In addition, we employed an additional 2 × 3 ANOVA to examine the latency to approach the area of the arena where CS+ had been previously located between the groups (see Fig. 8 ). This revealed no significant main effects for group or trial, nor was there a group × trial interaction (all Fs < 1). One-sample t-tests, with the test value set at 0.25 (see Fig. 7 ), revealed that the crib-biters spent significantly more time than would be predicted by chance in the correct quadrant for CS 0 , t (4) = 2.77, P < 0.05, and for 2 × CS+, t (4) = 4.03, P < 0.05 conditions. They also spent marginally more time than would be predicted by chance in the correct quadrant in the CS-CS+ condition, but this difference fell short of statistical significance, t (4) = 2.39, P = .07. For the non-crib-biters, there was no significant difference from chance in the CS 0 , t (3) = 1.43, P > 0.05, and CS-CS+, t < 1, conditions, nor for the 2 × CS+ condition, t (3) = 2.50, P > 0.05.
Discussion
The aim of the present studies was to examine learning and behavioural processes associated with the equine oral stereotypy phenotype. Given the previously identified neural characteristics of this group [17] , we predicted that crib-biting horses would adopt a response strategy early in the learning process. Using two modified versions of the Tolman cross-maze, we were able to demonstrate this successfully. We also found that crib-biting horses are able to use place-cues in a standard field-maze, showing marginally faster place learning than the controls. These findings are interesting in the light of previous research which has found similar learning differences to be correlated with drug-induced stereotypy.
The results of Experiments 1 and 2 were the first to reveal that horses displaying an environmentally induced stereotypy show similar learning patterns to dopamine agonist-exposed animals. In Experiment 1, for example, only one of the non-crib-biters adopted a response strategy, whereas three of the crib-biters did so. However, these findings are somewhat inconclusive, as only just over half of the crib-biters displayed S-R-like learning. In Experiment 2, where the animals were forced to adopt a response strategy in order to learn the task effectively, the crib-biters were found to learn the task more effectively. Taken together, and notwithstanding the low sample size, it appears that crib-biters were preferentially using S-R learning, whereas the non-crib-biters, R-O.
The results of Experiment 3 demonstrated that crib-biters showed marginally enhanced place learning. This demonstrated that the results of Experiments 1 and 2 were not because the crib-biters failed to learn about 'place'. The reason the crib-biters spent more time in the correct quadrant during probe trials and learnt the correct location of the food at a faster rate may be that they showed a decrease in exploratory behaviour. This may be equated to the behavioural effects of dopamine agonists, where the response repertoire narrows with increasing doses [14] . More research on place learning in animals displaying environmentally induced stereotypies may elucidate this in the future.
Crib-biting horses have significantly higher D1 and D2 receptorsubtypes in the ventral striatum and significantly lower D1 receptor subtypes in the caudate [17] . Therefore, the apparent enhanced S-R learning observed here might be explained by this structural alteration in the striatum. The three systems within the striatum are organised hierarchically [29] . The limbic network, which incorporates the ventral striatum (nucleus accumbens), with excitatory input from the pre-frontal cortex; the associative network, which incorporates the caudate, with excitatory input from the pre-frontal and parietal cortices; finally, the sensorimotor network, which incorporates the putamen, with excitatory input from the sensorimotor cortex. During habit formation, there is a shift through the hierarchy, from initial Pavlovian processes, through R-O judgements, finally to automated, S-R habitual responses [28, 29] . Although our results do not clearly demonstrate that the horses' learning shifts from R-O to S-R during the course of the trials, they may indicate that, in the crib-biting phenotype, R-O learning is superseded by S-R learning.
It has recently been established that during the shift between R-O and S-R learning there is a change in balance between matrix and striosome cell activation in the striatum, and this alteration in balance correlates highly with drug-induced stereotypy (e.g., see [2] [3] [4] [5] [6] 10, 25] ). This behavioural and physiological alteration in functioning is enhanced by chronic amphetamine exposure [2] , and thus the shift between R-O and S-R learning, and the progressive imbalance of striosome and matrix cells, are mediated through dopaminergic pathways. The behavioural data presented in this study may suggest that horses which display and oral stereotypy also have a similar imbalance of striosome and matrix cells. Clearly, the differences in R-O to S-R learning may be no more than an artifact of the crib biting phenotype [17] . However, chronic coactivation of dopamine D1 and D2 receptors using agonist drugs results in striosome predominance and locomotor stereotypy in both drug free and cocaine pre-treated rats [6] . This may suggest an aetiological pathway for the environmentally induced stereotypy phenotype, with facilitated dopamine transmission, as a result of an interaction of genotype and stress-exposure, leading to striosome predominance in the striatum. This may warrant further physiological research.
Finally, we appreciate that the external validity of this is limited by the small sample size and concede that this limits the generalisability of the findings. However, these findings represent an important first step towards a more clear understanding of the behavioural processes associated with endogenous basal ganglia dysfunction and may have important implications for further research into the development of conceptual aetiological models of spontaneous stereotypy.
